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1960 - 1970’s 
 

Exciting times with chemotherapy  
effecting tumor shrinkage in 

lymphoma. 
In Building 10, DeVita gives a 

combination of four drugs to a patient 
with Hodgkin’s for a first time. 

 
But comparing therapies emerges as 

an important goal   



1	
  

Charles G. Moertel, MD 
[1927 – 1994] 

1976 
16 oncologists 

12 spheres 
1920 measurements 

Where did the definition of partial response [PR] come from? 



Where did the definition of PR come from? 



Where did the definition of PR come from? 



Where did the definitions of response come from? 

How often did the same 
investigators think the 

same tumor was actually 
different?  

How often did two different 
investigators think the same 

tumor was actually 
different?  



From these humble beginnings….from cutoffs 
chosen for “operational reasons” not for 

“efficacy”….we evolved to assessment of efficacy 



Response Rate 
WHO 

(World Health Organization) 
versus 

RECIST 
(Response Evaluation Criteria In Solid Tumors) 



Follow-up Follow-up Baseline 

RECIST 

WHO  
Criteria 

Diameter: 70% 
[D X D: 49%] 
Volume: 34% 

PR 

Diameter: 120% 
[D X D: 144%] 
Volume: 173% 

PD 

Diameter: 84% 
[D X D: 70%] 
Volume: 59% 

PD 
Diameter: 100% 
[D X D: 100%] 
Volume: 100% 

Initial 

[Diameter: 70%] 
D X D: 50% 

Volume: 34% 

PR 

[Diameter: 112%] 
D X D: 125% 

Volume: 140% 

PD 

Diameter: 79% 
[D X D: 62%] 
Volume: 49% 

PD 
Diameter: 100% 
[D X D: 100%] 
Volume: 100% 

Initial 

Response ! 
Progression 

Progressive 
Disease 

Response ! 
Progression 

Progressive 
Disease 



It’s been 37 years since Moertel and Hanley  
Should we be thinking about different ways 

of assessing efficacy? 
Probably 

 
But…  



Sorafenib in RCC (TARGET Trial) 
A Disease-Stabilizing Agent? 

This presented a challenge: Could we better evaluate efficacy? 
Could we better measure the effect of drug on tumor growth? 

*Independently assessed measurements available for 574 patients 
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f = e(-d · t) + e(g · t) -1 
Where f = tumor measurement in t days 

d = regression rate constant; g = growth rate constant 

Theory for regression and growth 

A 

B 
C 

A + B = C 

Blue: What we measure clinically 
Red: The sensitive fraction of tumor regressing 
Green: The resistant fraction of tumor growing 







Kaplan-Meier Plot: Progression-Free Survival 
High-Dose Bevacizumab in Renal Cell Carcinoma 



Curve Fits: Renal Cell Carcinoma. Bevacizumab Trial 

0 10 20 30 

50 

100 

150 

200 

250 

A 

0 10 20 30 

80 

90 

100 

110 

120 

70 

60 

B 

60 

80 

100 

120 

140 

0 10 20 30 40 50 60 

C 

0 40 60 80 100 20 

60 

80 

100 

120 

140 D 

f = e(-d · t) + e(g · t) - 1 
d = regression rate constant; g = growth rate constant 



Dot Plot of Regression and Growth Rate Constants 
Bevacizumab reduced the growth rate constant  

Regression rate constants (l) / Growth rate constants (¡) / Horizontal lines are mean ± SD 
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Placebo 

-2.5 

-2.0 

-1.5 

-1.0 

-3.0 

-3.5 
Mean g: 

10-2.231 day-1 
Mean d: 

10-2.332 day-1  

d g 

Mean g: 
10-2.561 day-1 

Mean d: 
10-2.136 day-1  

g d 

High Dose Bevacizumab 

95% 

50% 



Growth Rates Correlate with Overall Survival  
in Renal Cell Carcinoma  

Log of growth rate constants 

O
ve

ra
ll 

su
rv

iv
al

 (d
ay

s)
 

-500 

0 

500 

1000 

1500 

2000 

2500 

-2.5 -2.0 -1.5 -0.5 -1.0 

r = -0.648 
p < 0.001 
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p < 0.001 

High Dose Bev 

The growth rate constant, g, is thus an excellent 
surrogate for the FDA gold standard – Overall Survival 

– and can help us discern effective therapies 



Prostate Cancer 
Patients with metastatic CRPC 

 
Did not benefit from:      
1.  Combined androgen blockade 
2.  Anti-androgen withdrawal 
 
Chemotherapy: 
1.  Thalidomide 
2.  Docetaxel + Thalidomide 
3.  Ketoconazole + Alendronate 
4.  ATTP (Avastin + Thalidomide + Taxotere + 

Prednisone) 
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Curve Fits: Prostate Cancer 

f = e(-d · t) + e(g · t) - 1 
d = regression rate constant; g = growth rate constant 



Log scale in all cases  
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CORRELATES WITH SURVIVAL 

 r = -0.72; p = < 0.0001 
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Initial PSA 

r = -0.22; p = < 0.0257 

Minimum 

r = -0.54; p = < 0.0001 
2000 
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Time to Minimum 

r = -0.62; p = < 0.0001 

Prostate Cancer: Correlation of Parameters with Survival 

ALL CORRELATE WITH SURVIVAL – THEY ARE SURROGATES FOR g 



12 Years of Prostate Cancer Trials at the NCI 

-2.6 



Sunitinib 



Motzer NEJM 356: 115-124 (2007) 











Motzer R J et al. JCO 2009;27:3584-3590 



Progression-free and Overall Survival  

Motzer R J et al. JCO 2009;27:3584-3590 

Progression-free survival: 
Interferon 5 months 
Sunitinib: 11 months 

= 6 months 

= 4.6 months 



Log g correlates with overall survival  
Especially in patients treated with sunitinib 







Rini et al, Lancet 378:1931-1939 (2011)  



Patient with prostate cancer  

January 2012:  

Mid-February 2012: 

April 2012: 

July 2012: 

October 2012: 

January 2013: 

April 2013: 

July 2013: 

October 2013: 

January 2014: 

PSA 
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Start chemotherapy?  

Continue chemotherapy?  

Continue chemotherapy? 

Continue chemotherapy? 

Continue chemotherapy? 

Continue chemotherapy? 

Continue chemotherapy? 

Continue chemotherapy? 

Continue chemotherapy? 

Continue chemotherapy? 
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Rini et al, Lancet 378:1931-1939 (2011)  



Progression-free 
Survival 

Rini et al, Lancet 378:1931-1939 (2011)  

All patients 

Prior Sunitinib 

Prior Cytokine 



Julia Wilkerson 





In the overwhelming majority of patients with 
renal call cancer, the growth rate of their tumors 

while on suntinib remains constant 



In the overwhelming majority 
of patients with renal call 
cancer, the growth rate of 

their tumors while on 
suntinib remains constant 



We can calculate the time to progression were sunitinib 
continued and compare this to approved therapies 



The constant growth rate of these renal cell 
carcinomas treated with suntinib suggest 
resistance is intrinsic and not acquired 



f = e(-d · t) + e(g · t) -1 
Where f = tumor measurement in t days 

d = regression rate constant; g = growth rate constant 

Theory for regression and growth 



Slowing the growth rate without killing additional 
tumor can result in an apparent greater cell kill 



 
1.  We should think of a tumor as a dynamic entity 

composed of a drug sensitive portion that is 
regressing and a drug resistant fraction that is 
growing 

2.  We can measure the rate of growth of the 
resistant fraction (g) and this correlates with 
overall survival 

3.  In a given patient the rate of growth of the tumor 
is as if not more important than the absolute 
quantity of tumor 

4.  The rate of tumor growth while on a therapy 
remains constant. It appears to have been 
constant from the outset suggesting drug 
resistance is intrinsic 

We collect data and we ignore it. 
But by looking deeper we now know that:	
  



5.  The best thing one can do for a patient is 
continue a therapy on which the tumor is 
growing. 

6.  A higher response rate does not mean more 
tumor was killed by that the therapy that 
achieved this. This is most often achieved by 
reducing the rate of growth of the tumor. By 
reducing the rate of growth the sensitive tumor 
has more time to maximally regress. 

7.  Most of our therapies are “g” therapies meaning 
they only reduce the rate of tumor growth and do 
not kill more cancer cells. 



Conclusions 
1.  Using data collected as part of a clinical trial we can 

calculate the rates of tumor growth and regression 
2.  These rates are constant as long as a therapy is 

administered 
3.  The rates of growth correlate well with overall 

survival 
4.  Estimating these rates can give us ways to assess 

tumor growth and better understand our therapies – 
in effect gather an enormous amount of data and 
analyze it  

5.  Estimating these rates can also give us insight into 
how we might alter therapies such as by continuing 
them for longer periods to achieve greater benefit 
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